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ABSTRACT
Aims. Following the recent discovery of a large population of young stars in front of the Orion Nebula, we carried out
an observational campaign with the DECam wide-field camera covering ≈10 deg2 centered on NGC 1980 to confirm,
probe the extent of, and characterize this foreground population of pre-main-sequence stars.
Methods. We used multiwavelength wide-field images and catalogs to identify potential foreground pre-main-sequence
stars using a novel probabilistic technique based on a careful selection of colors and luminosities.
Results. We confirm the presence of a large foreground population towards the Orion A cloud. This population contains
several distinct subgroups, including NGC 1980 and NGC 1981, and stretches across several degrees in front of the
Orion A cloud. By comparing the location of their sequence in various color-magnitude diagrams with other clusters,
we found a distance and an age of 380 pc and 5∼10 Myr, in good agreement with previous estimates. Our final sample
includes 2123 candidate members and is complete from below the hydrogen-burning limit to about 0.3 M , where the
data start to be limited by saturation. Extrapolating the mass function to the high masses, we estimate a total number
of ≈2 600 members in the surveyed region.
Conclusions. We confirm the presence of a rich, contiguous, and essentially coeval population of about 2600 foreground
stars in front of the Orion A cloud, loosely clustered around NGC 1980, NGC 1981, and a new group in the foreground
of the OMC-2/3. For the area of the cloud surveyed, this result implies that there are more young stars in the foreground
population than young stars inside the cloud. Assuming a normal initial mass function, we estimate that between one
to a few supernovae must have exploded in the foreground population in the past few million years, close to the surface
of Orion A, which might be responsible, together with stellar winds, for the structure and star formation activity in
these clouds. This long-overlooked foreground stellar population is of great significance, calling for a revision of the star
formation history in this region of the Galaxy.
Key words. Stars: formation – Stars: massive – Stars: pre-main sequence — ISM: clouds — ISM: individual objects:
Orion A, ONC, NGC 1980, NGC 1981
1. Introduction
The Orion star-forming complex is the nearest active star-
forming region to Earth that produces massive stars, and is
one of the richest in the nearest 1-kpc. It has long been rec-
ognized as a benchmark laboratory for star and planet for-
mation studies as well as for the formation and dispersal of
OB associations. The entire Orion star formation complex
spreads across 200 pc and has spawned about 104 stars in
the past 12 Myr (e.g. Brown et al. 1994; Bally 2008; Muench
et al. 2008; Briceno 2008). There are at least four subpop-
ulations of young stars within the complex, first identified
by Blaauw (1964), from the older and dust-free Orion OB
1a group in the North (age ∼10 Myr) to the still-embedded
Orion OB 1d (age ∼1 Myr), or the Orion Nebula Cluster,
to the South. It was realized early that the groups Orion
OB 1c and 1d overlapped, at least in part, along the line of
sight (e.g. Warren & Hesser 1978; Gomez & Lada 1998).
Recently, Alves & Bouy (2012) used the denser regions
of the Orion A cloud to block the background light in
the optical, effectively isolating the stellar population in
front of it, and found a rich stellar population in front of
this cloud. The surprising result in this paper was not the
confirmation of the existence of a foreground population,
but how rich this population is, in particular towards the
previously unstudied NGC 1980 cluster, which was shown
to be slightly older (∼ 5 Myr) than the embedded pop-
ulation in the cloud and contains a full stellar spectrum
from OB stars to substellar objects. Using X-ray observa-
tions, Pillitteri et al. (2013) recently found a population of
sources towards the Orion A cloud that shows a very low
amount of extinction (on the order of NH = 3×1020 cm−2,
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or about 0.1 mag of visual extinction) towards ι−Ori and
NGC 1980. This very low extinction population coincides
with the foreground population isolated in Alves & Bouy
(2012), further confirming its presence. The existence of a
rich foreground population implies that the closest massive
star formation and cluster formation benchmark, namely
the Orion Nebula Cluster (e.g. Da Rio et al. 2012), suffers
from significant foreground contamination (on the order of
10% for the Orion Nebula Cluster, but higher for the less
rich L1641 young population). This result also implies that
massive star-forming regions can have complex star forma-
tion histories, and superposition of distinct young popu-
lations along a given line of sight probably is the norm,
which complicates the determinations of, for example, the
stellar yield of a molecular cloud, the duration of the star
formation process (age spreads), and mass functions.
Alves & Bouy (2012) made a first estimation of the size
of the population (about 2000 objects) by extrapolating
from the relatively high extinction regions of Orion A to
a larger field. This estimate was necessarily approximate,
and called for a better characterization of the foreground
population. In the current paper we make use of data from
a dedicated observational campaign with the DECam wide-
field camera, covering about 10 square degrees of sky cen-
tered on NGC 1980, to confirm, probe the extent of, and
characterize the foreground population.
This paper is structured as follows: in Sect. 2 we de-
scribe the observational data acquired for this project as
well as the archival data used. In Sect. 3 we present the
results of our approach, namely the identification of the
two foreground populations and their characterization. We
present a general discussion on the importance of the result
found in Sect. 4 and summarize our main results in Sect. 5.
2. Data
To characterize the foreground population to the Orion
A molecular cloud we made use of existing surveys to-
gether with raw data from Cerro Tololo Inter-American
Observatory (CTIO) and its new wide-field Dark Energy
Camera (DECam).
2.1. CTIO/DECam
The Orion A cloud was observed at the Cerro Tololo Inter-
American Observatory (CTIO) with the DECam wide-field
camera on the Blanco telescope in the Sloan griz and Y
filters on 2012 October 30 and November 19, 20, and 22
(P.I. Bertin & Bouy) during the science verification of the
instrument. Figure 1 gives an overview of the area cov-
ered by these observations. The conditions were clear. The
full width at half maximum (FWHM) measured in the
images oscillated between 0.9–2.′′3. These numbers are in-
dicative only because the point spread function (PSF) was
sometimes very elongated and highly asymmetric. DECam
images where indeed obtained while the instrument was
still being tested, and suffered from tracking problems in
some parts of the sky, leading to variable amounts of PSF
elongation and distortions. This problem was eventually
fixed soon after our observations were completed. Sets of
short, intermediate, and long exposures were obtained in
each filter, as described in Table 1. The individual raw im-
ages were processed using an updated version of Alambic
(Vandame 2002), a software suite developed and optimized
Table 1 CTIO/DECam observations
Filter Exposure time (s)
g 3,90
r 20, 90
i 3, 30, 90
z 3, 30, 90
Y 30
Fig. 1 Coverage of the SDSS and DECam images used in
this study. The white area corresponds to the SDSS survey.
The blue, cyan and red areas correspond to the DECam
g, r and Y -band observations, respectively. The yellow
area was observed with DECam in the i and z bands.
Background photograph courtesy of Rogelio Bernal Andreo
(DeepSkyColors.com)
for the processing of large multi-CCD imagers, and adapted
for DECam. Alambic includes standard processing proce-
dures such as overscan and bias subtraction for each in-
dividual readout port of each CCD, flat-field correction,
bad-pixel masking, and CCD-to-CCD gain harmonization.
DECam is only moderately affected by fringes even in the
reddest filters, with fringe amplitudes <1% (DES consor-
tium, priv. communication), and no fringe correction was
attempted here. Aperture and PSF photometry were ex-
tracted from the individual images using SExtractor
(Bertin & Arnouts 1996) and PSFEx (Bertin 2011). The
individual catalogs were then registered and aligned on the
same photometric scale using Scamp (Bertin 2006). The
photometric zero-points of the merged catalog were derived
by cross-matching with the Sloan Digital Sky Survey III
DR9 catalog (SDSS DR9 Ahn et al. 2012) for the griz fil-
ters, and with the UKIDSS catalog (Lawrence et al. 2007)
for the Y filter. The DECam observations typically reach a
3-σ completeness limit of 23∼24 mag and complement the
SDSS and UKIDSS catalogs in their faint end and around
the bright Orion Nebula region that is lacking in both the
SDSS and UKIDSS data.
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Table 2 Catalogs and observations used in this study
Instrument or survey Band
SDSS (DR9) u,g,r,i,z
CTIO/DECam g,r,i,z,Y
2MASS J ,H,Ks
UKIDSS (DR10) Z,Y ,J ,H,Ks
APASS (DR1) B,V ,r,i
2.2. Public catalogs
We retrieved the astrometry and photometry for all sources
within a box slightly larger than the DECam survey and
encompassing the region between 82.◦6<RA<85.◦0 and -
7.◦6<Dec<-3.◦8 in the SDSS DR9 catalog, 2MASS catalog
(Skrutskie et al. 2006), UKIDSS catalog, and APASS cat-
alog (Henden et al. 2009). Table 2 gives a summary of the
filters used for these catalogs.
3. Results: a pre-main-sequence population in front
of the Orion A association
3.1. General considerations
Figure 2 shows a r vs r− i color-magnitude diagram of the
region. A dense redder sequence is immediately identifiable,
indicating the presence of a rich co-eval population. The
sequence is also identifiable in any other color-magnitude
diagrams that we drew from our dataset. Several basic char-
acteristics can be inferred from this diagram immediately:
– the density of the sequence suggests that the group is
rich and massive,
– the sequence appears to be mostly unaffected by redden-
ing, indicating that the group is in front of the Orion A
cloud and associations,
– the dispersion of the sequence (less than ≈1 mag) is
lower than typically seen for very young (<5 Myr) clus-
ter (Mayne et al. 2007).
3.2. Member selection
Cluster members are traditionally identified based on their
location in various color-magnitude diagrams with respect
to theoretical or empirical isochrones. This method suffers
from several limitations. Because the color-magnitude dia-
grams are analyzed sequentially, any member with partial
photometric measurements will be missed. Additionally,
this method does not quantify the membership probabil-
ity of a given source. In this study, we selected members
using a novel multidimensional probabilistic analysis us-
ing carefully selected color-magnitude diagrams and lumi-
nosities. The method is described in detail in Sarro et al.
(2013). Briefly, an initial training set is obtained through
the following steps. First a simple ad hoc cut in the r ver-
sus r − i diagram of sources (with measurements avail-
able in all the g, r, i, z, Y,H,and K bands) yields a subset
of sources with a probability density dominated by clus-
ter members. Then, a multivariate Gaussian distribution
is fit to this subset and sources at Mahalanobis1 distances
1 The Mahalanobis distance provides a relative measure of a
data point’s distance from a reference in a multidimensional
space.
Fig. 2 r vs r − i color-magnitude diagram including
the DECam measurements complemented by SDSS and
APASS. An arrow represents an extinction vector of 2 mag.
(from its mean) greater than three are removed from the
set. Finally, a principal curve (Hastie & Stuetzle 1989) is
fit to the resulting dataset in the multidimensional color-
magnitude space spanned by r, z,H, (r − i), (i − K), and
(g− i). At the same time, a mixture-of-Gaussians model is
fit to the remaining set of field/background sources, com-
prising those below the linear cut in the r vs. (r−i) diagram
and those at Mahalanobis distances above three (in the
same multidimensional color-magnitude space). The com-
plexity of the mixture-of-Gaussians model is determined
by the optimal Bayesian information criterion (BIC) value.
From that point onward, an expectation-maximization it-
erative scheme is applied, whereby in each cycle we
i) first compute the expected membership probability of
sources according to these two models (mixture-of-
Gaussians for the field and a principal curve for the
cluster members), and then
ii) we modify the membership list accordingly (remov-
ing low-probability sources and adding high-probability
ones), and infer a new principal curve model that ac-
counts for the changes.
New high-probability members (defined here conservatively
as having a probability ≥99.75%) are then selected as
the new training set, while originally selected members
with a lower probability are rejected from the training set.
The calculation takes into account measurement uncertain-
ties on the photometry, as well as data censoring. This
is particularly important since the various datasets com-
3
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bined in our study have very different coverage (Fig. 1)
and depths (Table 1). The method leads to 2 123 high-
confidence (probability≥99.5%) cluster members among
the 605 020 sources of our initial catalog. Figure 3 illus-
trates the results and shows the sequence obtained in two
color-magnitude diagrams.
Members of coincident background young associations
(such as those in the ONC) most likely contaminate the
final sample. Assuming that the young population associ-
ated with the ONC and the Orion A cloud suffers from
extinction higher than about AV ∼ 1 mag, a conservative
assumption, a simple independent test on how severe this
contamination might be is to search for reddened sources
in a sensitive near-infrared (NIR) color-color diagram. We
found that of the selected sample, only about 1–2% of the
sources showed NIR colors indicating AV > 1 mag, which
gives additional confidence to our selection procedure.
Our selection process is, regardless, expected to give a
lower contamination rate and a more complete list of mem-
bers than the traditional method described above. As il-
lustrated in Fig. 3, the selection method works best in the
luminosity range where the cluster sequence is clearly sepa-
rated from the background/foreground population. We ex-
pect the resulting sample to be mostly complete in the
luminosity range between 15. r .19.5 mag and 14.5.
i .17.5 mag.
3.3. Spatial distribution and origin
Figure 4 shows the spatial distribution of candidate mem-
bers with a membership probability higher than 99.5%
(hereafter OriA-foreground). The sources cluster around
several known groups: NGC 1980, NGC 1981, L1641W, and
L1641N. An overdensity is also visible southwest of OMC 3
on one hand, and at the position reported by Chupina &
Vereshchagin (2000) for Group 189 in both X-ray and op-
tical source density maps on the other hand.
NGC 1980 and NGC 1981 belong to a foreground popu-
lation, as demonstrated by Alves & Bouy (2012) and Maia
et al. (2010), respectively. Although we cannot rule out that
L1641W is associated to the Orion A cloud, we note that
both its projected distance away from the cloud and its age
suggest that it belongs to the foreground population. The
overdensity located on top of L1641N could be produced
by genuine L1641N members. The low extinction towards
these sources (as found in the NIR color-color diagram) and
the small fraction of stars with mid-infrared excess never-
theless suggest that it could be a distinct population. It is
not possible to draw firm conclusions and we consider the
distance and origin of this group undetermined and to be
confirmed.
The overdensity of sources southwest of OMC3 does not
correspond to any group previously identified in the litera-
ture, and we hereafter refer to it as OriA-Fore 1. It does not
appear in the X-ray source density map of Alves & Bouy
(2012) because it falls near the edge of the field covered by
the XMM-Newton observations. Figure 5 shows a Spitzer
[3.6]-[4.5] vs [5.8]-[8.0] color-color diagram for sources lo-
cated within 20′ from the centroid of the overdensity. ONC
and OMC2/3 members from the literature are also repre-
sented for comparison. This diagram produces an excellent
diagnostic to easily distinguish between objects with and
without disks. The vast majority of the OriA-Fore 1 sources
show no or little excess, indicating a more advanced evo-
Fig. 3 r vs r − i (upper panel) and i vs i− z (lower panel)
color-magnitude diagrams of the survey. Objects with a
membership probability ≥99.5% are represented with red
dots.
lutionary status than their ONC or OMC2/3 counterparts,
and suggesting that they are a distinct population.
Interestingly, Alves & Bouy (2012) found a velocity dis-
persion for sources located in the vicinity of OriA-Fore 1
(see their Fig. 8) significantly different from those of the
ONC and NGC 1980 (23.3±3.0 km s−1 for the group that
falls on top of the dense gas in OMC2 and 27.5±2.3 km
s−1 for the new group, to the West of OMC2). The er-
rors are too large and the samples relatively small so that
we cannot draw a strong conclusion, but both the spatial
distribution and velocity dispersion are suggestive of two
overlapping populations. Approximately 70 sources are lo-
cated within 10′ of the centroid, and 162 within 20′. The
absence of bright massive OB stars in this area and the low
4
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Class III
Class I & II
[5.
8]-
[8.
0] 
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ag
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1
[3.6]-[4.5]  (mag)
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OriA-Fore 1
OMC2/3 (P&M 2008)
COUP
Fig. 5 [3.6]-[4.5] vs [5.8]-[8.0] color-color diagram for OriA-
Fore 1 (orange dots, sources located within 20′ of the cen-
troid of the overdensity, see Fig. 4), for known OMC2/3
members from Peterson & Megeath (2008) (green dia-
monds) and for the sample of ONC members from the
COUP survey (blue squares). Dotted lines represent the
boundary between class III and class I & II sources (shaded
area) as defined in Allen et al. (2004).
luminosity of the sources (14≤ i ≤18 mag) suggest that
the group forms a low-mass cluster. The current datasets
do not allow us to draw a firm conclusion on its distance.
Its location away from the cloud, the low disk-frequency,
and the distinct velocity dispersion suggest that the group
is not directly associated to the Orion A.
3.4. Age and distance
Pre-main-sequence (hereafter PMS) fitting uses the posi-
tions of stars in color-magnitude diagrams to derive ages
and distances to young star clusters. Instead of fitting the
cluster’s PMS with theoretical isochrones that can be un-
certain at young ages (Baraffe et al. 2009), we derived rel-
ative ages and distances by comparing the observed PMS
with the empirical PMS of well-known clusters.
3.4.1. Comparison of NGC 1980 and NGC 1981
To minimize the contamination by OMC 2/3, L1641N
(and possibly L1641W and OriA-Fore 1, if they belong
to Orion A), we isolated high-probability members of
NGC 1980 and NGC 1981 by selecting sources located
within 20′ of their respective centers (Table 3). Figure 6
shows that the two populations are indistinguishable in
both a r vs (r−H) and a i vs (i−Ks) color-magnitude dia-
grams, suggesting that they have very similar ages and dis-
tances. Maia et al. (2010) reported a distance of 380±17 pc,
a reddening of E(B − V )=0.07±0.03 mag, and an age of
5±1 Myr for NGC 1981, which places the foreground pop-
ulation 10∼40 pc in front of the Orion A cloud.
NGC 1980
NGC 1981
i (
m
ag
)
14
15
16
17
18
19
i-Ks  (mag)
2.5 3 3.5 4 4.5
r (
m
ag
)
14
15
16
17
18
19
20
21
r-H  (mag)
3 4 5 6
Fig. 6 r vs (r−H) (lower panel) and a i vs (i−Ks) (upper
panel) color-magnitude diagrams of sources selected within
20′ of the NGC 1980 (violet) and NGC 1981 (orange) cen-
ters.
3.4.2. Comparison with Collinder 69
As an independent check, we compared the observed PMS
with that of Collinder 69. Collinder 69 is a 5∼10 Myr clus-
ter located at ≈400 pc in the λ−Orionis star-forming re-
gion (Dolan & Mathieu 1999; Barrado y Navascue´s et al.
2007). Collinder 69 presents several advantages for the pur-
pose of our study. It is well studied and an extensive list
of more than 200 spectroscopically confirmed members is
available (Bayo et al. 2012). Photometry in almost all the
bands presented in the current study has been obtained for
its members, making the comparison possible over a broad
domain of colors and luminosities. Additionally, it is part of
the λ−Orionis star-forming region, a subgroup of the Orion
star formation complex (see Figure 12).
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Fig. 4 Left: Contours of the spatial density distribution of X-ray sources from Alves & Bouy (2012). Right: Contours of
spatial density distribution of optically selected candidate members of the foreground population. Background photograph
courtesy of Jon Christensen (christensenastroimages.com)
Table 3 Orion groups and clusters
Name RA Dec Age Distance Reference
(J2000) (J2000) (Myr) (pc)
Orion A
NGC 1980 83.◦80 -5.d95 5∼10 ∼380 (1)
NGC 1981 83.◦78 -4.d34 5±1 380±17 (2)
Group 189 83.◦84 -4.d71 . . . . . . (3)
L1641N 83.◦94 -6.d28 2∼3 . . . (4)
Trapezium 83.◦84 -5.d40 1∼3 390∼440 (4), (5), (6)
OMC 2 83.◦86 -5.◦17 .1 420∼450 (4), (6), (7)
OMC 3 83.◦79 -4.◦92 .1 420∼450 (4), (6), (7)
L1641W 83.◦69 -6.d28 5∼10 ∼380 ? (1)
OriA-Fore 1 83.◦62 -4.d97 5∼10 ∼380 ? (1)
Ori OB1abc & λ−Ori
Collinder 80 83.◦88 -1.d10 1∼7 385 (8)
σ−Ori 84.◦69 -2.d60 3∼5 385 (8)
Collinder 69 83.◦77 +9.d93 5∼10 400 (9)
25 Ori 81.◦19 +1.d85 7∼10 380 (10)
References: (1) This work; (2) Maia et al. (2010); (3) Chupina & Vereshchagin (2000); (4) Gomez & Lada (1998); (5) Hirota
et al. (2007); (6) Menten et al. (2007); (7) Peterson & Megeath (2008); (8) Caballero & Solano (2008); (9) Barrado y Navascue´s
et al. (2007); (10) Bricen˜o et al. (2007)
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Figure 7 shows a r vs (r−H) and a i vs (i−Ks) color-
magnitude diagram of the candidate members selected pre-
viously with Collinder 69 confirmed members overplotted.
Interstellar extinction towards Collinder 69 is relatively low
(AV ≈0.37 mag on average, Diplas & Savage 1994), and
we dereddened the photometry accordingly. Extinction to-
wards OriA-foreground is not well established but is ex-
pected to be low since it lies in front of the Orion A molec-
ular cloud (Alves & Bouy 2012; Pillitteri et al. 2013; Maia
et al. 2010). The match is remarkably good in the two dia-
grams, especially considering that variability, excesses in
the riHKs-bands (related to youth, accretion, rotation,
and circumstellar disks), and extinction must affect the
comparison. We conclude that NGC 1980 and NGC 1981
must have distances and ages similar to Collinder 69, which
is consistent with the results of Maia et al. (2010). The com-
parison of a cluster’s PMS with an empirical PMS of dif-
fering age would indeed lead to a color-dependent distance
modulus, which is not observed here.
3.4.3. Comparison with the ONC
Figure 8 compares the sequence formed by the OriA-
foreground population in the same r vs (r − H) and a i
vs (i − Ks) color-magnitude diagrams with the sequence
formed by ONC members selected in the Chandra Orion
Ultradeep Project (COUP, Getman et al. 2005). The two
sequences are clearly different, the COUP sequence is on
average brighter in spite of the higher and variable level of
extinction that affects the members and the larger distance.
The ONC sequence is also much more dispersed, a feature
typical of very young (<5 Myr) clusters. These differences
can be interpreted as a difference in age and distance, the
ONC members being significantly younger than the OriA-
foreground population and embedded in the Orion A cloud,
in good agreement with the rest of our analysis.
For the rest of the study we consider a distance of 380 pc
and an age of 5∼10 Myr for OriA-foreground.
3.5. Mass function
We estimated the effective temperatures (hereafter Teff)
of all OriA-foreground candidate members using the vir-
tual observatory SED analyzer (hereafter VOSA, Bayo
et al. 2008). VOSA offers the advantage of deriving robust
Teff independently of the distance and using all the avail-
able photometric information instead of a subset of colors
and luminosities. The optical and near-infrared photom-
etry of OriA-foreground candidate members described in
Section 2 was complemented with Spitzer (Alves & Bouy
2012) and WISE (Wright et al. 2010) mid-infrared photom-
etry. Briefly, VOSA compares the observed spectral energy
distributions (SED) with a grid of theoretical SEDs based
on the BT-Settl models of Allard et al. (2012) and cover-
ing the range 2 000<Teff <5 000 K (by steps of 100 K) and
3.0< log g <4.5 (by steps of 0.5 dex). As mentioned previ-
ously, extinction towards OriA-foreground is expected to be
low and was neglected. VOSA automatically detects possi-
ble excesses from circumstellar disks (in the mid-infrared)
or accretion (in the visible and UV), and rejects the corre-
sponding measurements for the fit. The quality and quan-
tity of the photometric measurements (between 4 and 14
measurements per source, with an average of 7 measure-
Fig. 7 r vs (r −H) (lower panel) and a i vs (i −Ks) (up-
per panel) color-magnitude diagrams of OriA-foreground
candidate members (red dots) with Collinder 69 confirmed
members (blue dots).
ments per source) resulted in a robust fit for most sources,
as illustrated in Fig. 9. The Teff were then transformed
into masses using the (Teff vs mass) relation given by the
BT-Settl models assuming an age of 5 Myr. According to
these calculations, the least-massive candidate members
have masses of only ≈30 MJup, independently of the dis-
tance.
The cluster’s mass function was then computed over
the luminosity range corresponding to the estimated com-
pleteness domain of the survey (described in Section 3).
Figure 10 shows the result. Our survey is essentially com-
plete to M-star masses below ∼ 0.3 M, down to substel-
lar objects with ∼ 50 MJ . Extrapolating over the entire
mass range using the Chabrier (2003) and Kroupa (2001)
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Fig. 8 r vs (r −H) (lower panel) and a i vs (i −Ks) (up-
per panel) color-magnitude diagrams of OriA-foreground
candidate members (red dots), and COUP members of the
ONC (black dots).
mass functions, the total number of members in the clus-
ter is ≈2 600. This suggests that we are missing only ≈500
members, most of them massive and beyond the saturation
limit of the current data. This value should be regarded as
preliminary since a) the current data do not probe the en-
tire area covered by the various groups of OriA-foreground;
and b) the member selection suffers from some level of
contamination, albeit estimated to be small (∼ 2%). The
OriA-foreground population, or Blaauw’s OB 1c subgroup,
cannot be neglected in understanding the star formation
history of the region, and perhaps even the ongoing star
formation in Orion A, as we discuss in the next section.
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10−16
10−15
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1 10
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Fig. 9 Examples of SED fitting obtained with VOSA. The
red dots represent the observed photometry for a random
sample of six sources selected as members. The dashed line
represents the best-fit BT-Settl model. The corresponding
Teff is indicated.
4. Discussion
The present analysis confirms the results of Alves &
Bouy (2012) and demonstrates that a large population
(>∼2600 sources) of 5∼10 Myr stars lies in front of the better
known younger Orion A embedded population (e.g. Lada
et al. 2000; Megeath et al. 2012). This foreground pop-
ulation is not uniformly distributed, but clusters loosely
around the NGC 1980 and NGC 1981 clusters, and possi-
bly also around the recently discovered L1641W (Alves &
Bouy 2012) and the newly found OriA-Fore 1 group.
The main result of this paper, the confirmation of a rich
∼ 5 Myr foreground population in the immediate vicinity
of the Orion A cloud, fits the general scenario first proposed
by Blaauw (1964) and refined by Elmegreen & Lada (1977)
well, where the formation of stars in large complexes is
not a continuous process, but proceeds sequentially. As al-
ready pointed out in Alves & Bouy (2012), this foreground
population is not the optical counterpart of the embedded
population in Orion A, but a distinct population perhaps
responsible for the current star fomation in the integral-
shaped filament in Orion A (Bally 2008).
As originally proposed by Blaauw (1964), the
Orion OB1 association is the product of several sequen-
tial star formation events, propagating from the northwest,
where the OB1a subgroup is located, towards the belt re-
gion (OB1b), and then south towards OB1c (which includes
NGC 1980 and NGC 1981), and more recently back towards
Orion A in the south, and Orion B east of the Belt stars,
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completeness
Orion A Foreground
Kroupa (2001)
Chabrier (2003)
N
1
10
100
1000
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Fig. 10 Mass function of OriA-foreground over the com-
pleteness domain computed for 5 Myr and 10 Myr. The
predictions of Chabrier (2003) and Kroupa (2001) mass
functions are overplotted.
the OB1d subgroup (see Bally 2008, for a review). The
results presented here suggest that while the overall pic-
ture of sequential star formation is not invalidated by our
results, there is a higher level of complexity as more star
formation subunits present in the region are being discov-
ered. The most intriguing result seems to be that the age
of NGC 1980 and NGC 1981, separated by at least 14 pc,
is not only indistinguishable within the errors, but is also
similar to that of the λ-Ori cluster, located at least 100 pc
away. At the same time, and also within the errors, the dis-
tance to NGC 1980 and 1981 – or the OB1c subgroup stud-
ied here – is similar to the distance of 25-Ori, σ-Ori, λ-Ori,
and Collinder 70 clusters, all located at about 380–385 pc
(Table 3) and spread across about 100 pc. It is too early
to speculate about a 100 pc triggering or synchronization
event in Orion, in particular as 25-Ori and OB1a appear
to be older than OB1b (e.g Bricen˜o et al. 2007). But it is
fair to say that it is not yet clear what the casual relation is
between all these star formation events with age differences
of only a few to ∼5 Myr but spread across about 100 pc
of space. Better data are obviously needed to derive better
ages and parallaxes, proper motions, and radial velocities
to attempt a more refined scenario for the star formation
history of the Orion complex.
Regardless of the precise star formation history of
Orion, and assuming a normal IMF, a relatively large num-
ber of massive stars was formed in the past 10 Myr. Several
of these must have already exploded as supernovae, which
together with the feedback from the stellar winds from
existing stars are shaping the structure of the interstel-
lar medium in the region, including powering the large
Barnards loop (O’Dell et al. 2011, see Fig. 12). This feed-
back process probably compressed the Orion A molecular
cloud (located 10–40 pc behind) and triggered the ongo-
ing star formation in the Orion Molecular Cloud, including
the ONC, L1641N, and OMC2/3, but also NGC 2024 (and
possibly L1641W and OriA-Fore 1).
Figure 11 shows the location of OriA-Fore 1 with respect
to the nebulosities and to the cloud. Interestingly, the new
group is located inside the northern elbow of the integral-
shaped filament, in a region mostly free of dust as probed
by Herschel, and free of HII nebulosities as probed by the
optical. We speculate that the cloud might be squeezed be-
tween the massive cluster NGC 1977 in the background,
and by the less massive OriA-Fore 1 in the foreground. The
compression of the filament between these two groups re-
sults in the active star formation in OMC2 and OMC3.
Similarly, the strong winds produced by the massive stars
of NGC 1980 might be giving its shape to the southern el-
bow of the integral-shaped filament, and be triggering the
star formation in L1641N.
Figure 12 (right panel) shows a schematic representa-
tion of the spatial distribution of the various groups on
top of a far-infrared map probing the molecular clouds.
The most distant and youngest groups all closely follow
the cloud. On the other hand, all the closest and older
groups but NGC 1980 are located systematically away from
the cloud, providing additional evidence that they are not
the optical counterpart of the embedded population, but a
distinct population, corresponding to a previous star for-
mation episode. The fact that the foreground population
to Orion A characterized in this paper generally aligns
with the orientation of the Orion A cloud is puzzling and
may provide information about the original distribution of
molecular gas, but can also be interpreted as a coincidence -
surely the reason why so little attention has been dedicated
in the literature to this important population.
This scenario provides a simple explanation for the age
spread observed in the region (see e.g Huff & Stahler 2006,
and references therein). A fraction of the spread might be
purely observational and caused by the contamination from
the older coincident foreground population. But most of the
age spread is probably real and the result of successively
triggered star formation events and consequent episodic
bursts of the star formation rate.
5. Conclusions
We combined new wide-field optical observations of the
Orion A group of associations with archival data and
catalogs. A dense sequence appears clearly in all color-
magnitude diagrams. The observed match with empiri-
cal sequences suggests an age of 5∼10 Myr and a dis-
tance of ≈380 pc, placing the corresponding sources in
the immediate front of the Orion A cloud and the ONC.
Members of the sequence were selected using a novel multi-
dimensional probabilistic analysis using carefully selected
color-magnitude diagrams and luminosities. The sources
cluster into several groups, which can be spatially associ-
ated to NGC 1980, L1641N, L1641W, and NGC 1981, and
a new group OriA-Fore 1 located southwest of OMC3. The
current work confirms the results reported in Alves & Bouy
(2012) using X-ray, optical, and infrared data.
We propose the following scenario to explain the obser-
vations in the region: a first generation of clusters and asso-
ciations located at 380∼400 pc formed between 5∼10 Myr
ago. It included NGC 1980, NGC 1981, 25-Ori, σ−Ori,
λ−Ori, and possibly L1641W and OriA-Fore 1. These
groups formed several thousands of stars, including a few
massive stars. After a few million years, the most massive
stars must have exploded as supernovae, which together
9
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Fig. 11 From left to right: optical, near-IR, and far-IR image of the Orion A cloud. Foreground groups are indicated in
cyan. Groups associated to Orion A are indicated in white. Group in the back of Orion A are indicated in red. Credits:
Jon Christensen (optical); ESO/J. Emerson/VISTA/CASU (near-IR); H. Bouy (Far-IR Herschel SPIRE 500 µm).
with stellar winds very likely triggered episodic star for-
mation events in the ONC, resulting in the Trapezium,
L1641N, OMC2/3, and maybe even NGC 2024 in Orion
B.
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Appendix A: Optical and near-infrared photometry
T
ab
le
A
.1
.
A
st
ro
m
et
ry
,
p
h
o
to
m
et
ry
a
n
d
m
em
b
er
sh
ip
p
ro
b
a
b
il
it
y
to
N
G
C
1
9
8
0
ID
R
.A
D
e
c
g
r
i
z
Y
J
H
K
P
ro
b
a
(J
2
0
0
0
)
(J
2
0
0
0
)
(m
a
g
)
(m
a
g
)
(m
a
g
)
(m
a
g
)
(m
a
g
)
(m
a
g
)
(m
a
g
)
(m
a
g
)
(%
)
1
8
2
.2
1
5
1
9
2
-5
.4
6
0
4
1
2
1
4
8
9
9
5
8
7
1
7
.8
5
±
0
.0
6
2
8
2
.8
7
5
3
0
8
-5
.5
3
6
9
6
6
2
9
6
9
5
4
4
8
2
1
.4
3
±
0
.1
9
3
8
2
.1
7
7
3
2
5
-5
.7
3
2
5
8
0
4
7
1
1
5
8
2
5
2
1
.5
4
±
0
.2
1
4
8
2
.8
8
4
4
9
5
-5
.6
9
7
1
7
0
4
2
0
7
6
2
0
6
1
6
.4
6
±
0
.0
6
5
8
2
.8
7
1
7
0
0
-5
.3
1
1
1
7
8
6
8
1
8
3
9
9
4
2
1
.5
9
±
0
.1
9
··
·
··
·
··
·
··
·
··
·
··
·
··
·
··
·
··
·
··
·
··
·
··
·
3
1
8
1
9
5
8
2
.8
8
9
0
3
7
2
-6
.1
3
8
3
9
4
5
2
2
.3
±
0
.0
8
2
1
.7
8
±
0
.0
9
0
.0
3
1
8
1
9
6
8
2
.8
5
3
0
8
7
1
-6
.1
3
7
3
5
8
6
2
2
.4
4
±
0
.0
6
2
1
.8
9
±
0
.0
8
0
.0
3
1
8
1
9
7
8
2
.7
7
5
4
4
5
0
-6
.1
3
7
0
8
5
5
1
9
.7
5
±
0
.0
3
0
.0
3
1
8
1
9
8
8
2
.7
8
4
4
9
9
7
-6
.1
3
6
9
4
8
4
2
3
.1
8
±
0
.1
3
2
1
.6
2
±
0
.0
4
2
1
.3
6
±
0
.0
7
0
.0
3
1
8
1
9
9
8
2
.6
5
3
4
5
1
2
-6
.1
3
6
2
5
8
3
2
1
.3
1
±
0
.0
3
2
0
.6
8
±
0
.0
3
1
9
.8
2
±
0
.1
6
1
9
.3
5
±
0
.1
9
0
.0
3
1
8
2
0
0
8
2
.8
8
8
5
9
4
0
-6
.1
3
6
4
7
8
6
2
1
.7
9
±
0
.0
4
2
1
.2
7
±
0
.0
5
0
.0
3
1
8
2
0
1
8
2
.8
0
7
4
8
4
5
-6
.1
3
6
0
4
9
7
2
2
.7
3
±
0
.0
9
2
2
.0
4
±
0
.1
1
0
.0
3
1
8
2
0
2
8
2
.8
1
0
5
5
6
8
-6
.1
3
5
6
6
7
0
2
2
.1
±
0
.0
5
2
1
.2
4
±
0
.0
6
0
.0
3
1
8
2
0
3
8
2
.7
0
5
5
4
9
3
-6
.1
3
5
0
5
3
6
2
2
.3
4
±
0
.0
5
2
1
.6
±
0
.0
7
0
.0
3
1
8
2
0
4
8
2
.8
4
3
6
5
1
0
-6
.1
3
5
2
8
0
4
2
1
.3
6
±
0
.0
3
2
0
.6
6
±
0
.0
3
1
9
.1
2
±
0
.1
5
1
8
.2
4
±
0
.1
8
0
.0
3
1
8
2
0
5
8
2
.6
4
3
8
8
9
8
-6
.1
3
4
7
5
7
6
2
3
.7
7
±
0
.1
8
2
0
.7
3
±
0
.0
3
2
0
.8
±
0
.0
4
2
0
.2
3
±
0
.2
3
1
7
.9
5
±
0
.1
7
0
.0
··
·
··
·
··
·
··
·
··
·
··
·
··
·
··
·
··
·
··
·
··
·
··
·
1
3
2
1
5
3
8
4
.2
7
0
2
5
4
3
-4
.2
3
0
9
8
0
4
2
1
.3
9
±
0
.0
5
1
9
.8
1
±
0
.0
2
1
7
.6
9
±
0
.0
1
1
6
.4
9
±
0
.0
1
1
5
.2
8
±
0
.0
1
4
.6
2
±
0
.0
1
4
.1
2
±
0
.0
1
0
0
.0
1
3
2
1
5
4
8
4
.2
7
3
9
4
7
3
-4
.7
8
9
2
6
2
6
1
8
.1
5
±
0
.0
1
1
6
.7
3
±
0
.0
1
1
5
.3
8
±
0
.0
1
1
4
.5
9
±
0
.0
1
0
0
.0
1
3
2
1
5
5
8
4
.2
5
2
8
0
0
4
-5
.4
1
6
9
5
6
1
1
7
.3
8
±
0
.0
1
1
5
.9
9
±
0
.0
1
1
4
.5
4
±
0
.0
1
1
3
.7
5
±
0
.0
1
0
0
.0
1
3
2
1
5
6
8
3
.6
8
8
5
9
8
9
-5
.2
7
3
8
1
1
9
1
9
.6
3
±
0
.0
6
1
7
.2
4
±
0
.0
2
1
4
.7
7
±
0
.0
1
4
.1
6
±
0
.0
1
3
.5
3
±
0
.0
4
1
3
.2
3
±
0
.0
9
9
.9
1
3
2
1
5
7
8
4
.2
9
8
1
8
3
2
-6
.1
1
2
5
3
9
0
1
8
.3
7
±
0
.0
5
1
6
.4
9
±
0
.0
2
1
4
.0
4
±
0
.0
3
1
3
.4
8
±
0
.0
1
3
.1
7
±
0
.0
4
9
9
.9
1
3
2
1
5
8
8
4
.1
3
7
4
5
9
0
-6
.0
4
1
6
2
1
0
1
8
.3
±
0
.0
7
1
6
.9
3
±
0
.0
5
1
5
.4
9
±
0
.0
2
1
3
.4
2
±
0
.0
3
1
2
.7
3
±
0
.0
1
2
.4
8
±
0
.0
9
9
.9
1
3
2
1
5
9
8
3
.7
8
4
4
1
7
9
-5
.4
8
6
6
6
9
2
1
9
.6
9
±
0
.1
1
8
.6
±
0
.0
5
1
6
.5
7
±
0
.0
2
1
4
.5
±
0
.0
2
1
3
.8
2
±
0
.0
4
1
3
.0
6
±
0
.0
3
1
2
.6
7
±
0
.0
2
9
9
.9
